Soil C and N pools in inner profiles affected by long-term fertilization for 42 years.
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Introduction
Dynamics of C and N in soils have received increasing attention, since soil organic C (SOC) is related to the water-holding capacity and nutrient availability in the soil, and in particular, has a hidden value to help mitigate the erosion and greenhouse effect on the environment (Lal et al., 1998) . Soil N storage can also reduce the rate of N fertilization, N leaching, and greenhouse gas emission. Therefore, it becomes important to study the storage of soil C and N in helping to decrease erosion and greenhouse gas emissions from soils.
In agricultural soils, human activities such as fertilizer practices and cropping systems play a key role in the regulation of C and N contents (Halvorson et al., 1999; Sainju et al., 2002; Karlsson et al., 2003; Gal et al., 2007; Jagadamma et al., 2007) . In particular, fertilizer application has the most powerful tool to increase C and N storage and sequestration in agricultural soils (Schumann et al., 2002) . More specifically, organic matter (OM) application with or without chemical fertilizers in the paddy field has played a very significant role in enhancing soil organic C and N quantity and quality (Huang et al., 2009 ). However, much of the published information on the impact of fertilization practices on crop productivities and nutrient balances have been based on short time changes, and minimal information is available regarding the long-term changes in SOC and nutrients and their vertical distribution, particularly, in mono-rice paddy soil ecosystem.
Long-term field experiments provide direct observations of changes in SOC storage and N balance over the decades and are critical for predictions of future soil productivity and soil-environment interactions (Richter et al., 2007) . The SOC and TN contents in agro-ecosystems can be increased by suitable fertilization (Cai and Qin, 2006) , particularly by organic manure plus chemical fertilizer Ding et al., 2012) . For example, long-term application of fertilizers and manures are most efficient soil management practice for preserving organic C in soils cropped with maize-wheat-cowpea in the semiarid subtropical areas of India (Rudrappa et al., 2006) . Undoubtedly, rice cropping, as an important land use, has significant effects on C and N cycling around the globe. However, there is little information to the long-term fertilization effect on C and N storage in intensively-fertilized rice cultivation systems in temperate zones. Korea is well-known for its intensive farming structure and 60% of its arable land (ca. 1.8 million ha in 2008) is being utilized for rice production, however to date, there had been no studies done to investigate the effects of fertilization on C and N storage in mono-rice paddy soils after long-term cultivation.
In this study, we examined the effects of long-term fertilization on soil C and N pools in the inner soil profile after 42 years. Secondly, a reasonable fertilizer management was suggested to improve soil fertility, which can be associated with increased rice productivity. and K, respectively. Inorganic fertilizer and compost were broadcast by hand on to the surface of each plot prior to tillage before rice transplanting. Six rice cultivars were cultivated as follows: 'Palkyeng' in 1967 -1971 , 'Milyang' in 1972 -1975 , 'Nagdongbyeo' in 1972 , 'Palgongbyeo' in 1987 -1993 , 'Hwanambyeo' in 1994 -1996 , and 'Hwasambyeo' since 1997.
Materials and Methods
Soil physical and chemical properties Rice was harvested
in the 42 nd year after installation, and yield components such as grain and straw yields were recorded. Soil samples of Ap horizon collected after rice harvesting were analyzed for physical and chemical properties. The moist soil sample was dried at 105 °C for 24 h to measure soil bulk density (BD) (Blake and Hartge, 1986) . Soil porosity was calculated using BD and particle density (PD, 2.65 Mg m -3
) according to the equation: porosity (%) = (1 -BD/PD) × 100. The water holding capacity was calculated with the help of Keen's box (steel box of 5.0 cm I.D. and 4 cm height with perforated bottom and a filter paper disc fixed with a steel ring at the bottom end) for the soil samples. Water-stable aggregate distribution was determined by placing soil samples on top of a nest of sieves (17.5 cm diameter with openings of 1.0 and 0.25 mm), immersing directly in water, and oscillating for 5 min (20 mm stroke length, 31 cycles min -1 ). After removing the two sieves and placing them in an oven to dry, water containing soil passing the 0.25 mm screen was poured over a 0.053 mm screen, the soil was washed with a gentle stream of water, and the soil retained transferred into a drying bottle with a small stream of water. The <0.053 mm fraction was calculated as the difference between initial soil weight and summation of the other fractions. All fractions were oven dried at 55°C for ≥24 h following visual dryness. Mean-weight diameter was calculated by summing the products of aggregate fraction weight and mean diameter of aggregate classes (Kemper and Rosenau, 1986) . Soil pH was measured with distilled water (1:5 with H2O). Organic carbon and TN contents were determined by Walkley Black methods (Allison, 1965) and Kjeldahl digestion, respectively. The available phosphate content was determined using the Lancaster method (NAAS, 2000) . Exchangeable cation was estimated by using Inductively Coupled Plasma Spectroscopy (OPTIMA 4300DV, Perkin Elmer, USA) after extracts of 1Nammoniumacetate solution (pH 7.0) (NASS, 2000) . The cation exchange capacity (CEC) was determined by 1M ammonium acetate exchange followed by Kjeldahl's distillation of ammonium (NAAS, 2000) .
Soil organic carbon and total nitrogen pools After rice harvest in 2008 (the 42
nd year after the onset), soil samples were collected in the soil profile (0-60 cm) by a soil probe (internal diameter of 11.0 cm) for quantification of TC and TN storage. Soil bulk density was determined by collecting undisturbed soil samples with cut every 5 cm interval. These soil samples were oven dried at 105℃ for 48 hr to take the dried weight of soil samples. The dried samples for bulk density were grinded to determine the total C and N concentration in each soil samples by using a CHNS Elemental Analyzer (CHNS-932, Leco, USA). Soil total carbon and nitrogen pools were calculated as per the following equation:
Total C and N pool (Mg ha Statistical analysis One-way analysis of variance (ANOVA) procedures, with Duncan's test and least significant difference (LSD), were used for significant differences in variables among treatments at p<0.05. Statistical analysis was performed using the SAS package, version 9.1.
Results and discussion
Soil total C and N concentration The TC and TN concentrations was significantly influenced by forty-two years of N input with chemical fertilizer, compost, and chemical fertilizer plus compost inner soil profiles in paddy soil (Fig. 1) . The TC concentration in 0-30 cm depth increased significantly with continuous compost application. However, the TC concentration in compost and NPK+Compost treatment was not difference. The lowest TC was in Control treatment and was similar in NPK treatment. The TC concentration below 30 cm depth was statistically similar among fertilizer practices. Total N concentration followed a pattern similar to that of SOC ( Fig. 1 ) and the relationships between TC and TN concentrations in 0-60 cm depth was a positive correlation. TN concentration was the highest in 0-15 cm depth of all treatment, and was shown a statistical difference from 0 to 60 cm under profiles. As shown the Fig. 1 , total N concentration was influenced to the soil C:N ratio with increasing TN concentration in NPK and NPK+Compost treatments under profiles, whereas the difference of soil C:N ratio was not observed among the treatments. Inputs of N to fertilizer practices can affect carbon concentration by the decomposition of soil organic carbon with lower soil C:N ratio (Jandl et al., 2007; Coulter et The total N concentration at 0-30 cm of depth was lower in NPK than in the compost treatment (Compost, and NPK+Compost). Low soil C:N ratio might result in a priming effect of SOC concentration, which can generally accelerate the mineralization rates of C and N in soils. In contrast, the highest N input with chemical fertilizer plus compost might slow the mineralization rate of C by addition of external carbon as compost and root biomass. This suggests that increasing management intensity in agriculture, especially with larger N inputs from fertilizer or manure application, could lead to a faster increase in soil N than C, resulting in lower soil C:N ratio. However, the decline in soil C:N ratio may not indicate increased plant N availability because TN is associated with the total silty+clay fraction (Brar et al., 2013) . Soils with lower C:N ratios are prone to greater N losses through leaching (Ju et al., 2006; Yu et al., 2007; Shi et al., 2009; Zhou et al., 2010) . N input with chemical fertilizer increased in inner profiles, especially, and decreased soil C:N ratio in NPK.
Soil C and total N pools
The bulk density of soil was changed with different long-term fertilization. The bulk density exhibited an increasing trend with increasing in soil depth (0-60 cm) in respective treatments and was no statistical differences between the treatments under 25 cm depth in inner profiles (Fig. 2) . The bulk density in 0-25 cm depth decreased in the compost treatments (Compost and NPK + Compost), and was not different in the NPK compared to the Control. Organic input could reduce the bulk density in soil by addition of root and crop residues due to cementing action of organic acid and polysaccharides formed during the decomposition of organic residues by higher microbial activities (Brar et al., 2013 , Hati et al., 2008 . Also, there was documented well the effects of long-term fertilization on soil bulk density by some researchers (Bhattacharyya et al., 2004; Agbede et al., 2008; Rasool et al., 2008) . Similar to TC and TN concentrations, there was also a significant increase in the C and N pools in treatments applied compost with/without chemical fertilizer (Table 1 Yields and soil properties Grain yield was 3380 kg ha -1
in Control in the 42 nd year, which was comparable with 5968 (ca. 77% increase compared with the Control), 5175 (ca. 53% increase), and 6958 kg ha -1 (ca. 106% increase) in NPK, Compost, and NPK+Compost, respectively (Table 2) . Straw yield was similarly increased with grain by fertilizations. As reported in our previous paper (Lee et al., 2009) decrease in soil porosity (Tisdall and Oades, 1982) . In our long-term fertilized paddy, the improved chemical and physical properties of soils were observed with compost application (Compost, and NPK+Compost) ( Table 2 ). For example, TC concentration and C related parameters (i.e., CEC, TN, and exchangeable cations) were significantly improved in compost-applied plots than in non-compost applied treatments. Bulk density was much lower in Compost, and NPK + Compost, and not in NPK and Control treatments. In the chemical and no fertilization plots, the increase in BD resulted to a decrease in porosity, in contrast with the compost amended soils which had low BD and increased porosity. Significant improvement of other physical properties such as water stable aggregate, mean weight diameters, and water holding capacity was also observed in treatments (Compost, NPK+Compost) continuously added with compost. It is well-known that soil C compounds provide some of the major soil constituents involved in binding soil into aggregates, and stability of soil aggregates increases with increased levels of soil C (Tisdall and Oades, 1982) . Thus, continuous compost application is vital for creating and retaining a stable soil structure. Organic matter increases the soil specific surface area, resulting in an increase in water retention and consequently an increase in the water content responsible for the plasticity limit (Smith et al., 1985) .
Conclusion
Total C pool in the inner soil profile was increased by fertilization, but was higher in Compost and NPK+Compost than the NPK treatment. Total N pool was also significantly increased by fertilization, but this increase was highest in NPK+Compost, followed by NPK, and Compost treatment. Long term fertilization significantly influenced total C concentration and pools to 30 cm depth. The C and N pools were greater 10.5 and 21.4 %, 30.3 and 29.6 %, and 39.9 and 36.3 % in N input treatment (NPK, Compost, NPK+Compost) than in the Control treatment. Significantly improved soil chemical and physical properties were observed in compostapplied plots implying that long time application of compost is very effective to increase C and N storage in paddy soil, and in the long run can ensure more high and sustainable soil and crop productivity.
